1. Introduction {#sec1}
===============

Melanin is a compound responsible for skin pigmentation, and the variety of skin colors in the human race is attributable to the amount of melanin-producing cells present in the skin [@bib1]. The process responsible for the formation of melanin is called melanogenesis. In this process, α-melanocyte--stimulating hormone (α-MSH) binds to its receptor (i.e., melanocortin 1 receptor) causing elevated levels of cAMP,which in turn activates microphthalmia-associated factor (MITF) through various pathways, such as cyclic Adenosine Monophosphate (cAMP) response element binding protein, extracellular-regulated kinase, and protein kinase B (AKT), causing its degradation. Owing to this degradation, the rate-limiting step in the process of melanogenesis (i.e., the action of the enzyme tyrosinase, TYR) is affected and becomes activated. TYR is responsible for the conversion of tyrosine to L-3,4-dihydroxyphenylalanine (L-DOPA), which forms melanin. Tyrosinase-related protein 1 (TRP-1) and tyrosinase-related protein 2 (TRP-2) are further downstream factors of TYR and MITF that are activated and are involved in the formation of melanin. Consequently, throughout the whole process, it is TYR that is the most important component of the regulation of melanin production in skin cells [@bib2], [@bib3], [@bib4].

*Panax ginseng* is a wonder herb that has been consumed widely in eastern Asia for over 1,000 years as it has many beneficial health effects. It is available in a variety of forms, including drinks, capsules, and tablets [@bib5], [@bib6]. Past studies have revealed the noteworthy effects of ginseng when used to reduce the incidence of various types of tumors, many mental anomalies, diabetes, hypertension, hyperlipidemia, and inflammation [@bib7], [@bib8], [@bib9], [@bib10], [@bib11], [@bib12], [@bib13]. In particular, in the Korean peninsula, ginseng supplements form part of a normal diet. Commercially, ginseng is available in the form of whole ginseng root extract, single ginsenoside extracts, or capsules. Ginsenosides are the constituent active compounds present in the whole ginseng root that are responsible for the efficacious health-enhancing properties of ginseng [@bib14].

There have been many studies on the effects of single ginsenoside on melanin production and melasma [@bib15]. However, at present, no study has reported the antimelanogenic effects of Korean Red Ginseng (KRG) extract on melanin production and examined its skin whitening and antiaging effects, particularly in humans. Therefore, we investigated the TYR inhibition and melanin production inhibition by KRG *in vitro* in the B16/F10 melanoma cell line via a mechanistic study of the pathways involved in this process. Our results indicated that KRG markedly inhibited TYR activity and decreased melanin content via the MITF degradation pathway. Moreover, our *in vivo* study using an ultraviolet B (UVB)--irradiated hairless mouse (HRM-2) model of photoaging and hyperpigmentation revealed that the production of melanin in HRM-2 mice was substantially and markedly reduced by the application of KRG (150 and 300mg/kg). Furthermore, the 3% red ginseng extract cream showed excellent antiwrinkle and skin-whitening qualities in humans. Thus, we concluded that KRG and KRG formulations as a cream should be useful in the cosmetic industry as a skin-whitening and antiaging agent.

2. Materials and methods {#sec2}
========================

2.1. Chemicals and reagents {#sec2.1}
---------------------------

Dulbecco\'s modified Eagle\'s medium (WelGene Co, Korea); fetal bovine serum (WelGene Co., Korea); streptomycin and penicillin (Lonza, MD, USA); TRIzol reagent (Invitrogen, Carlsbad, CA, USA); oligodT, MITF, TYR, TRP-1, TRP-2, and β-actin primers were obtained from (Bioneer, Daejeon, Korea). 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide was purchased from Sigma-Aldrich. Antibodies for MITF, TYR, TRP-1, and TRP-2 were obtained (Santa Cruz Biotechonology, Santa Cruz, Inc., TX, USA).Mushroom TYR and L-DOPA were purchased from Sigma (St. Louis, MO, USA). All other reagents were of local analytical grade.

2.2. Sample preparation {#sec2.2}
-----------------------

KRG was kindly provided by the Korea Ginseng Cooperation that consisted of the following 11 ginsenosides composition (mg/g): Rb1 6.67, Rb2 2.79, Rc 1.01, Rd 1.01, Rg3s 2.22, Rg3r 0.79, Re 1.97, Rf 1.40, Rg1 1.67, Rg2s 1.23, and Rh1 0.77 as analyzed by High Performance Liquid Chromatography (HPLC) analysis. While 3% red ginseng cream (the composition of ginsenosides was same as described previously) was prepared by Kyungnam University, Changwon, Republic of Korea. Briefly, a mixture of 80 mL of purified water and 30 mL of either sweet almond oil or sunflower seed oil was heated at 80°C. Thereafter, purified water was added again and emulsified by using a blender. Subsequently, tocopherol was added as an antioxidant, and 3% red ginseng extract was added as the active ingredient; the mixture was termed red ginseng cream.

2.3. Evaluation of the stability of red ginseng cream {#sec2.3}
-----------------------------------------------------

The following tests were performed to evaluate of the stability of 3% red ginseng cream:(1)pH test

The pH of the red ginseng cream was measured on Days 1, 7, 15, and 30 of the 30-day experiment. The pH of the red ginseng cream was slightly acidic and showed almost no change over the 30 days ([Table 2](#tbl2){ref-type="table"}).(2)Discoloration testTable 1Measure of resilience in the experimental group and the control groupTable 1GroupsResilienceForeheadRight cheek\
①Right cheek\
②Left cheek\
①Left cheek ②Average0 weeks0.7378 ± 00.070.7844 ± 0.050.7324 ± 0.050.7719 ± 0.120.7673 ± 0.110.75876 ± 0.02Experimental group2 weeks0.8193 ± 0.110.8467 ± 0.090.8242 ± 0.100.8173 ± 0.090.8255 ± 0.050.8266 ± 0.014 weeks0.8105 ± 0.070.8419 ± 0.030.7906 ± 0.050.7822 ± 0.030.7379 ± 0.080.79262 ± 0.04Variation+0.0727+0.0575+0.0582+0.0103−0.02940.03386 ± 0.04Control Group0 weeks0.8503 ± 0.130.7940 ± 0.080.7619 ± 0.060.8445 ± 0.030.6774 ± 0.080.78562 ± 0.072 weeks0.8695 ± 0.080.7724 ± 0.070.7649 ± 0.030.8446 ± 0.070.7813 ± 0.110.80654 ± 0.054 weeks0.8666 ± 0.080.8185 ± 0.080.7448 ± 0.050.8476 ± 0.050.7781 ± 0.050.81112 ± 0.05Variation+0.0163+0.0245−0.0171+0.0031+0.10070.0255 ± 0.04Table 2Measure of oil content in the experimental group and the control groupTable 2GroupsOil contentForeheadRight cheek\
①Right cheek\
②Left cheek\
①Left cheek\
②Average0 weeks36.8 ± 25.6737.0 ± 33.5040.4 ± 24.6022.2 ± 12.9526.6 ± 20.9632.6 ± 7.78Experimental group2 weeks85.0 ± 44.5494.0 ± 68.19123.2 ± 10.5782.0 ± 69.65106.2 ± 13.8698.08 ± 16.914 weeks104.20 ± 44.64112.20 ± 104.48114.40 ± 83.7394.00 ± 67.9277.20 ± 55.36100.4 ± 15.24Variation+67.4+75.2+74+71.8+50.667.8 ± 10.060 weeks98.0 ± 44.1280.8 ± 45.19116.4 ± 74.9391.4 ± 41.4266.8 ± 24.0490.68 ± 18.60Control group2 weeks173.4 ± 112.74199.8 ± 171.67115.2 ± 56.96124 ± 51.78114.6 ± 70.72145.4 ± 38.934 weeks144.6 ± 48.41\*143.0 ± 64.25177.6 ± 57.86116.8 ± 77.1699.4 ± 91.78136.28 ± 29.84Variation+46.6+62.2+61.2+25.4+32.645.6 ± 16.56

The degree of discoloration of red ginseng cream was measured on Days 1, 7, 15, and 30. No change in color was observed over the 30-day experimental period ([Supplemental Fig. 1](#appsec1){ref-type="sec"}).(3)Patch test

To check for an allergic response to ginseng cream, 1 mL of red ginseng cream was applied to the dorsal central back area (1 cm × 1 cm) of the volunteers, and the skin reaction was evaluated after 24 h. Various types of skin reactions were evaluated, as shown in [Supplemental Table. 3A-B](#appsec1){ref-type="sec"}, and no erythema, edema, or untoward reaction was observed. Therefore, this cream was further tested for other parameters on skin. Furthermore, the degree of skin irritation was evaluated, as shown in [Supplemental Table. 4](#appsec1){ref-type="sec"}, to yield the primary skin irritation index.

2.4. Red ginseng cream treatment regimen and evaluation of effects on oil and moisture content, elasticity, and whitening of skin {#sec2.4}
---------------------------------------------------------------------------------------------------------------------------------

To assess the effects of red ginseng cream on the oil content, moisture content, elasticity, and whitening of the skin, 10 women (approximately 40 years of age, nonsmokers, with no past history of skin disease or facial treatment) were divided into two groups each containing five individuals: the control group, in which cream without red ginseng extract was applied (non-KRG), and the experimental group, in which cream with red ginseng extract was applied (KRG-treated group). The number of individuals were calculated by using the statistical software, G\*Power 3.1 omicX; the coefficient of significance was 0.05, the power was 80, the number of groups was 2, and the number of repeated measurements was 6.

Ten individuals (five in the experimental group and five in the control group) were selected to account for a dropout rate of 20%. The human trial experiments were permitted by the Institutional Review Board of Kyungnam University (IRB \# 1040460-A-2017-040).

Every day for 1 month, the cream was applied to the skin 1 h after cleansing. Thereafter, the aforementioned parameters were measured in the skin on Weeks 0, 2, and 4.

The cream was applied on the T-zone area (1) of the face, which is located 1 cm above the upper part of the middle of the T on the forehead between the eyebrows and on the right and the left sides for 3--5 seconds. The U-zone (2) was drawn horizontally from the nose and vertically down from the tail of the eye, as shown in [Supplemental Fig. 2](#appsec1){ref-type="sec"}. To standardize the measurement conditions, the research was performed at 24 ° C ± 1 ° C and 55% ± 10% relative humidity.

The oil content, water content, elasticity, and melanin content were measured by using a sebumeter SM815 (CK electronics, Germany), corneometer CM825 (CK electronics, Germany), mexameter MX18 (CK electronics, Germany), and a cutometer (CK electronics, Germany), respectively, by touching these instruments to the skin for 3--5 seconds.

The moisture and oil content and skin tones of the skin were analyzed by T-test. An empirical analysis of the study results was considered to indicate statistically significant changes for p values of \<0.05. After the end of the application period, the satisfaction of the product assessed through a questionnaire was converted into a score for each response.

2.5. Cell culture {#sec2.5}
-----------------

The murine melanoma B16/F10 cell line was sourced from the American Type Culture Collection and cultured in Dulbecco\'s Modified Eagle\'s Medium supplemented with 8% fetal bovine serum (WelGene Co, Daejeon), 100 IU/mL of penicillin, and 100 μg/mL of streptomycin sulfate (Lonza, MD, USA). The cells were maintained in a humidified 5% CO~2~ incubator at 37°C.

2.6. Cell-free TYR inhibition assay {#sec2.6}
-----------------------------------

The assay was performed using a slightly modified protocol as previously described [@bib3]. Briefly, 10 μL of KRG was placed in triplicate in a 96-well plate and mixed with 60 μL of 50mmol/L of phosphate buffer on ice (pH 6.8). Subsequently, 20 μL of 0.9mg/mL L-DOPA was added to each well. Finally, 10 μL mushroom TYR was added to each well, and the plate was incubated at 27°C for 10 min. After incubation, dopachrome production was measured spectrophotometrically at 450nm by using a microplate reader (Versamax; Molecular Devices, LLC, CA, USA); in this experiment, kojic acid was used as the positive control [@bib16].

2.7. Melanin inhibition assay {#sec2.7}
-----------------------------

The B16/F10 cells were seeded in 6-well culture plates at a density of 2.5 × 10^3^ cells/well and incubated for 5 days. After the cells reached the desired confluency, KRG treatment was applied and the cells were stimulated with α-MSH. The cells were then incubated for 3 days, harvested by using 0.25% trypsin--ethylenediaminetetraacetic acid solution, and transferred to 1.5-mL microcentrifuge tubes. The tubes were then centrifuged at 10,000rpm for 10 min, and the pellet was dissolved in 2mol/L NaOH for 15min at 60°C. The mixture was then transferred to 96-well plates, and the absorbance of each well at 450nm was measured by using a microplate reader (Versamax; Molecular Devices, LLC, CA, USA). The absorbance was compared with that of standard curves produced from synthetic melanin (Sigma).

2.8. Animal experiment and grouping {#sec2.8}
-----------------------------------

Six-week-old male HRM-2 melanin-possessing hairless mice were obtained from Central Lab Animal Inc. (Seoul, South Korea) and were housed in a controlled room (23°C ± 1°C, 55% ± 5% relative humidity, 12h light/dark cycle) and given *ad libitum* access to water and feed. All animal experimentations were performed strictly in accordance with the Institutional Animal Care and Use Committee of Daejeon University (Daejeon, Korea) (permission number: DJUARB2017-033).After an acclimation period of 1 week, the mice were randomly divided into five groups, each containing five animals: the normal group, which received no treatment; the control UVB-irradiated group; the positive control group, which received 0.01% sunblock and UVB irradiation; the lower-dose KRG group, which received KRG 150 mg/kg *p.o.* with UVB irradiation; and the higher-dose KRG group, which received KRG 300 mg/kg *p.o.* with UVB irradiation.

2.9. UVB irradiation and induction of photoaging {#sec2.9}
------------------------------------------------

The dorsal skin of HRM-2 mice was irradiated by an UVB lamp (15 W; maximum wavelength, 312 nm; UV intensity, 100 μW cm^−2^; IedaBoeki Co., Tokyo, Japan). To evaluate the effects of the positive control (0.01% sunblock) and KRG on wrinkle formation and pigmentation, HRM-2 mice were irradiated with 100 mJ/cm^2^ UVB (1 minimal erythematic dose = 100 mJ/cm^2^) daily for Week 1 and then 200 mJ/cm^2^ UVB from Weeks 2--5. The mice were monitored three times per week. The dietary intake and body weight were measured every week for 12 weeks.

2.10. Effect on melanin production in HRM-2 mice {#sec2.10}
------------------------------------------------

To evaluate the melanin production that resulted from exposure of the mice to UVB, the dorsal area of mice was divided into right and left sides. In all groups except the normal group, the left side received UVB (control), sunblock, or KRG and UVB irradiation for 5 weeks. The right side was left untreated. UVB irradiation was applied three times per week for 5 weeks (as described above), and the pigmentation status of the skin was analyzed in Weeks 1, 3, and 5 by using the digital camera (D70 model; Nikon, Tokyo, Japan) after the mice were anesthetized with ether. Image analysis of the dorsal skin was performed by using software (Bio-Rad, USA) on the digital camera photographs. The degree of melanin deposition was analyzed from the difference between the pigmented, UVB-exposed, and sample-treated area on the left side compared with the untreated and unpigmented area on the right side.

2.11. Skin wrinkle measurement {#sec2.11}
------------------------------

The degree of skin aging induced by UVB was measured through observation of the wrinkle formation. To evaluate the formation of wrinkles, the HRM-2 mice were anesthetized by the intraperitoneal injection of chloral hydrate (0.1 mL of 7% chloral hydrate/25 g mouse) in Week 5. Exposure to UVB and sample treatment was as described in the previous section. Skin wrinkles were evaluated in Weeks 3, 4, and 5 by using DETAX System II (MIXPAC) and Double-Stick Disc (3M Healthcare, Germany) after UVB irradiation. Double-Stick Disc (sprayed with DETAX System II) was attached to the mouse skin and removed after 2--3 minutes. Disc wrinkles were evaluated in accordance with the scoring system of Bissett [@bib17]: grade 0, absence of wrinkles; grade 1, several shallow wrinkles; grade 2, some wrinkles; and grade 3, some deep wrinkles. After the disc was removed and the skin was cleaned with 70% ethanol, the skin was photographed by using a USB Digital Microscope ( × 400; CE FOROHS, China) and a visual analysis of skin wrinkles was performed.

2.12. Enzyme-linked immunosorbent assay {#sec2.12}
---------------------------------------

To investigate the effect of UVB-induced wrinkle-related genes (i.e., matrix metalloproteinase; MMP-2), the skin from all treated groups was harvested and the proteins were analyzed by using the enzyme-linked immunosorbent assay (ELISA) kit in accordance with manufacturer\'s instructions (MMP-2 ELISA kit; R&D Systems, USA).

2.13. Histological observation of skin {#sec2.13}
--------------------------------------

The skin tissues extracted from each experimental group were fixed in 10% formalin solution for 48 h and then stained with hematoxylin and eosin in accordance with the method of Cardiff [@bib18] to determine the epidermal thickness. For collagen visualization, Masson\'s trichome staining was performed in accordance with established protocols [@bib19].

2.14. RNA extraction and real-time polymerase chain reaction {#sec2.14}
------------------------------------------------------------

Total RNA was extracted from the B16/F10 cells and UVB-irradiated mouse skin after they were treated with KRG and stimulated with α-MSH by using TRIzol in accordance with the manufacturer\'s instructions. RNA (2 μg) was annealed with oligodT (Bioneer Co, Daejeon) for 10 min at 70°C and cooled for 5 min on ice, reverse transcribed using reverse transcriptase premix (Bioneer Co., Daejeon) in 20 μL of reaction mixture, and run for 90 min at 42.5°C in a thermal cycler. The reaction was terminated at 95°C for 5 min to inactivate the reverse transcriptase. The reverse transcription polymerase chain reaction (PCR) was performed on aliquots of cDNA obtained from Reverse Transcriptase (RT) reaction in a PCR premix (Bioneer Co, Daejeon). The PCR products were then electrophoresed on a 1% agarose gel, stained with ethidium bromide, and visualized by using ImageQuant LAS 500 (GE Healthcare Life sciences, Seoul, South Korea). The intensity of band densities was normalized to that of Glyceraldehyde 3-phosphate dehydrogenase (GAPDH), and the primer sequences are provided in [Supplemental Table. 1](#appsec1){ref-type="sec"}. The expression of MMP-2, MMP-9, and interleukin (IL)-1β was analyzed by using real-time quantitative PCR using an Applied Biosystems 7500 Real-Time PCR system (Applied Biosystems, USA).

2.15. Western blot analysis {#sec2.15}
---------------------------

B16/F10 cells were treated with KRG in the presence of α-MSH (10μM). Total proteins from cells and UVB-irradiated mouse skin were extracted in accordance with the instructions of the PRO-PREP lysis buffer (iNtRON Biotechnology, Korea). Protein concentration was then measured by using the PRO-MEASURE assay kit (PRO-PREP; iNtRON Biotechnology, Korea), and equal amounts of protein were separated by 10% polyacrylamide gels by using sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and transferred onto Polyvinylidene difluoride (PVDF ) membranes (Immobilon-P; Millipore, Billerica MA, USA). Nonspecific binding to the PVDF membranes was minimized by incubation of the membrane in blocking buffer containing 5% nonfat dry milk and 0.1% Tween-20 in Tris buffered-saline (TBS). The membranes were then incubated overnight at 4°C with specific primary antibodies, followed by incubation for 1 h with horseradish peroxidase--conjugated antirabbit antibody (1: 3000 dilution). Bound antibodies were visualized by the application of enhanced chemiluminescence solution (Supex, Daegu, Korea), and images were analyzed by using ImageJ software. β-Actin was used as the internal control.

2.16. Statistical analysis {#sec2.16}
--------------------------

The data were presented as the mean ± Standard Error of the Mean (SEM). One-way Analysis of variance (ANOVA), Dunnett\'s test, and unpaired Student\'s *t*-test were applied for the statistical evaluation of data or where specifically otherwise indicated. Statistical analysis results of*\*\*\*p \<* 0.001, \*\**p* \< 0.05, and \**p* \< 0.01 were considered significant.

3. Results {#sec3}
==========

3.1. KRG inhibited TYR activity and suppressed melanin content in the cell-free system {#sec3.1}
--------------------------------------------------------------------------------------

The TYR enzyme participates in the rate-limiting step of melanogenesis [@bib20], [@bib21]. Therefore, to check if KRG was able to suppress the production of this enzyme, we performed a cell-free mushroom TYR assay. As shown in [Fig. 1](#fig1){ref-type="fig"}A, KRG potently inhibited TYR production. B16/F10 cells were treated with KRG and stimulated with α-MSH to induce melanin secretion, and it was found that it was efficiently suppressed by KRG, as shown in [Fig. 1](#fig1){ref-type="fig"}B. Kojic acid, a known whitening agent, was used as the positive control in both experiments.Fig. 1**Inhibition of mushroom tyrosinase and melanin production by KRG**. (A) KRG inhibited the mushroom tyrosinase activity in a cell-free system. (B) Melanin content in crude lysates was suppressed by KRG when B16/F10 cells were stimulated with α-MSH (K1= KRG 500μg/mL and K2= KRG 1mg/mL). The values in the bar graph are the mean ± SEM of at least four independent experiments. \*\*\**p* \< 0.001 compared with the untreated group.KRG, Korean Red Ginseng; α-MSH, α-melanocyte--stimulating hormone.Fig. 1

3.2. Effects of KRG on the mRNA and protein expressions of MITF and TRPs {#sec3.2}
------------------------------------------------------------------------

The aforementioned results indicated the effects of KRG on the TYR and melanin content. However, to elucidate the mechanism of melanin inhibition by KRG, we evaluated the transcription and translation of genes related to the melanogenesis pathway: TRP-1 and TRP-2, TYR, and microphthalmia-associated transcription factor (MITF). As shown in [Fig. 2](#fig2){ref-type="fig"}A and B, all four components of the melanogenesis pathway were strongly inhibited by KRG. Therefore, KRG was confirmed as an effect whitening agent in the *in vitro* study.Fig. 2**Decreased expression of MITF pathway genes induced by KRG**. B16/F10 cells were seeded in 6-well plates, treated with the indicated concentrations of KRG, and then stimulated with α-MSH (10μM). Subsequently, RNA and proteins were extracted and MITF, TYR, TRP-1, and TRP-2 expression was measured by Quantitative Reverse Transcription Polymerase Chain Reaction (qRT-PCR) (A) and western blotting (B). GAPDH was used as the internal control qRT-PCR and β-actin was used as the internal control for western blotting. *\*\*\*p* \< 0.001 and *\*\*p* \< 0.05 were considered as statistically significant against the α-MSH-treated group only.KRG, Korean Red Ginseng; α-MSH, α-melanocyte--stimulating hormone; MITF, microphthalmia-associated factor; TYR, tyrosinase; TRP-1, tyrosinase-related protein 1; TRP-2, tyrosinase-related protein 2.Fig. 2

3.3. Effect of oral supplementation of KRG on body weight and food intake {#sec3.3}
-------------------------------------------------------------------------

Exposure to artificial UVB induces stress in animals, which may result in a loss of appetite; therefore, we evaluated the dietary intake and dietary efficiency of HRM-2 mice exposed to UVB for 5 weeks, treated with sunblock and orally administered KRG. As shown in [Fig. 3](#fig3){ref-type="fig"}A, there was no significant change in the body weight in the normal, control UVB, or treatment groups. Food intake was also found to be significantly increased in the positive control and KRG-treated groups, as shown in [Fig. 3](#fig3){ref-type="fig"}B. These results show that although UVB induced stress in mice, KRG treatment effectively prevented the loss of appetite and weight in mice.Fig. 3**Effects of KRG on body weight and food intake**. Food intake and body weight was measured daily for 5 weeks in HRM-2 mice. (A) No significant weight changes were observed in the control and treatment groups. (B) Daily food intake was significantly higher in the positive control and KRG-treated groups (N= HRM-2 control mice, UVB-C = control UVB-irradiated group, SB = 0.01% sunblock, K1= KRG 150mg/kg, and K2= KRG 300mg/kg). The values are expressed as the mean ± SEM from three independent experiments. \*\*\**p* \< 0.001 compared with UVB control. HRM-2 N = normal mice, UVB-C= HRM-2 mice control, exposed to UVB.KRG, Korean Red Ginseng; UVB, ultraviolet B.Fig. 3

3.4. Analysis of expression of wrinkle-related genes in UVB-irradiated HRM-2 mice {#sec3.4}
---------------------------------------------------------------------------------

To measure the effect of KRG on the formation of skin wrinkles, HRM-2 mice were irradiated with UVB to induce wrinkles. After 5 weeks of irradiation, the skin tissues were isolated and the expression of wrinkle-related genes (i.e. IL-1β, MMP-2, and MMP-9) was analyzed. As shown in [Fig. 4](#fig4){ref-type="fig"}A and B, the protein expression of MMP-2, as determined by ELISA, and the mRNA expression, as determined by real-time PCR, were significantly lower in the positive control group and the KRG treatment groups than those in the control UVB-irradiated group. MMP-9 and IL-1β levels were also significantly decreased in the KRG-treated groups compared with the control UVB-irradiated group, as shown by real-time PCR ([Fig. 4](#fig4){ref-type="fig"}C and D).Fig. 4**Analysis of wrinkle-related gene expression in UVB-irradiated skin.** After 5 weeks, the skin tissues were isolated from HRM-2 mice and MMP-2, MMP-9, and IL-1β gene expression was analyzed. (A) MMP-2 production was significantly reduced by KRG, as determined by ELISA. (B) MMP-2 mRNA expressions was significantly decreased in both KRG-treated groups, as determined by qRT-PCR. (C) MMP-9 mRNA expressions was significantly decreased by KRG, as determined by qRT-PCR. (D) IL-1β expression was significantly decreased by KRG, as determined by qRT-PCR (K= KRG). The values in bar graphs are the mean ± SEM from three independent experiments. \*\*\**p* \< 0.001 and \*\**p* \< 0.05 compared with the control UVB irradiated mice.KRG, Korean Red Ginseng; MMP, matrix metalloproteinase; IL, interleukin; ELISA, enzyme-linked immunosorbent assay.Fig. 4

3.5. Effects of KRG on melanogenesis in UVB-irradiated skin damage {#sec3.5}
------------------------------------------------------------------

To confirm the whitening efficacy of KRG, the difference in the formation of melanin in Weeks 1, 3, and 5 of UVB irradiation was examined by dividing the dorsal skin of HRM-2 mice into left (untreated) and right (UVB and sample-treated sections). As shown in [Fig. 5](#fig5){ref-type="fig"}A, during Week 1 of exposure of the mice to UVB with the treatment of sunblock and KRG, there was no significant decrease in the production of melanin at both KRG doses. In week 3, there was a minor decrease in melanin production in the positive control sunblock-treated group and KRG groups compared with the control UVB-irradiated group, as shown in [Fig. 5](#fig5){ref-type="fig"}B. In week 5, as clearly shown in [Fig. 5](#fig5){ref-type="fig"}C, the positive control sunblock-treated group and both KRG-treated groups showed a significant decrease in melanin production. These results indicated that KRG was an effective skin-whitening agent.Fig. 5**Effects of KRG on melanogenesis in UVB-irradiated skin.** (A) No significant reduction was found in melanin production in any groups in Week 1. (B) A minor reduction was found in the melanin production in the KRG-treated group in Week 3. (C) A significant reduction was found in the melanin production in both KRG-treated groups in Week 5. The values in the bar graphs are the mean ± SEM from three independent experiments. \*\*\**p* \< 0.001and \*\**p* \< 0.05 when compared with the control UVB-irradiated group. \[HRM-2 N = normal mice, UVB-C= HRM-2 mice control (exposed to UVB), SB = 0.01% sunblock, and K= KRG\].KRG, Korean Red Ginseng; UVB, ultraviolet B.Fig. 5

3.6. Analysis of effects of KRG on wrinkle formation in HRM-2 mice {#sec3.6}
------------------------------------------------------------------

To determine the effects of KRG on the formation and depth of wrinkles, HRM-2 mice were irradiated with UVB to induce photoaging, and the skin wrinkle depth was measured using a 3D analyzer, as described in the [Materials and method section](#sec2){ref-type="sec"} (2.11), in Weeks 3, 4, and 5. As shown in [Fig. 6](#fig6){ref-type="fig"}A and B, the positive control sunblock-treated group and both KRG-treated groups showed significant decreases in wrinkle formation and depth.Fig. 6**Effects of KRG on wrinkle depth and formation in HRM-2 mice.** (A) A significant reduction was found in the depth of wrinkles in Weeks 3, 4, and 5 of KRG treatment. The values in bar graphs are the mean ± SEM from three independent experiments. \*\*\**p* \< 0.001, \*\**p* \< 0.05, and \**p* \< 0.01 compared with the control UVB-irradiated groups. (B) Wrinkle formation in Week 3, 4, and 5 of KRG treatment. HRM-2 N = normal mice, UVB-C= HRM-2 mice control (exposed to UVB), SB = 0.01% sunblock, and K= KRG.KRG, Korean Red Ginseng; UVB, ultraviolet B.Fig. 6

3.7. Effect of KRG on decrease in epidermal thickness and increase in collagen {#sec3.7}
------------------------------------------------------------------------------

UV radiation can increase epidermal thickness, causing the skin to become thicker and rough. Moreover, continuous exposure to UVB can degrade the MMPs and cause a loss in collagen, which is essential for good skin health [@bib22]. As shown in [Fig. 7](#fig7){ref-type="fig"}A, the epidermal thickness induced by UVB was potently reduced by the positive control sunblock-treated group and both KRG-treated groups. Moreover, in [Fig. 7](#fig7){ref-type="fig"}B, it is shown that the epidermal thickness, as visualized by hematoxylin and eosin staining, was clearly decreased in the positive control sunblock-treated group and both KRG-treated groups. Masson\'s trichome staining, performed to visualize the matrix components in the skin of HRM-2 mice, revealed reduced staining intensity in the control UVB-irradiated group resulting from the degradation of collagen fibers; conversely, in mice treated with sunblock and both KRG doses, the intensity of staining was dramatically increased compared with the UVB control group ([Fig. 7](#fig7){ref-type="fig"}C). These results clearly showed that KRG is a safe and efficacious treatment with skin-whitening and antiaging effects.Fig. 7**Effects of KRG on epithelial thickness and collagen fiber changes in UVB-irradiated HRM-2 mice.** After 5 weeks, the skin tissues were stained with H&E and M-T staining and epithelial thickness was measured (A, B and C). The values in the bar graphs are the mean ± SEM from three independent experiments. \*\*\**p* \< 0.001 and \*\**p* \< 0.05 compared with the UVB control. (N= HRM-2 control mice, UVB-C= ultraviolet-exposed control, SB = 0.01% sunblock, K1= KRG 150 mg/kg, and K2= KRG 300 mg/kg).KRG, Korean Red Ginseng; M-T, Masson\'s trichome; H&E, hematoxylin and eosin; UVB, ultraviolet B.Fig. 7

3.8. Effects of red ginseng cream on human skin {#sec3.8}
-----------------------------------------------

Skin elasticity (also called as resilience) was measured as shown in [Table 1](#tbl1){ref-type="table"}. An average increase in resilience of 0.03386 was observed in the experimental group that received the application of the cream containing 3% red ginseng. The control group, which received cream without ginseng, showed an average increase of resilience of 0.0255.

The oil content in the experimental group was increased to 67.8% compared with the control group, in which the oil content was 45.6%, as shown in [Table 2](#tbl2){ref-type="table"}. In detail, the results showed that the oil content was increased by 50% in all experimental groups: 46.6% in the hemisphere, 25.4% in the left cheek, and 32.6% overall.

The moisture content was decreased in both the control and experimental groups, as shown in [Table 3](#tbl3){ref-type="table"}. This was considered to be attributable to the change in weather conditions between October and November in the Republic of Korea.Table 3Measure of moisture content in the experimental group and the control groupTable 3GroupsMoisture contentForeheadRight cheek\
①Right cheek\
②Left cheek\
①Left cheek\
②Average0 weeks61.1 ± 11.0155.2 ± 10.5158.8 ± 14.5974.4 ± 7.2471.0 ± 7.1564.1 ± 8.22Experimental group2 weeks51.7 ± 16.0038.2 ± 15.2435.8 ± 17.2851.5 ± 19.4739.4 ± 21.8943.32 ± 7.674 weeks54.34 ± 8.9439.02 ± 16.3235.48 ± 19.0561.80 ± 11.3357.18 ± 18.5449.564 ± 11.62Variation−6.76−16.18−23.32−12.6−13.82−14.536 ± 6.010 weeks63.5 ± 13.2348.42 ± 12.0247.02 ± 11.8973.62 ± 4.3775.30 ± 6.2361.57 ± 13.44Control group2 weeks55.16 ± 15.0641.58 ± 12.8444 ± 10.3264.72 ± 4.4264.14 ± 9.2153.92 ± 10.884 weeks54.60 ± 10.2541.42 ± 19.9247.98 ± 9.96\*54.06 ± 19.4559.08 ± 16.5051.428 ± 6.85Variation−8.9−7+0.96−19.56−16.22−10.14 ± 8.07

The change in skin tone in the experimental group was an average decrease of 8.24; conversely, the control group showed an increase of 2.12 ([Table 4](#tbl4){ref-type="table"}). In detail, the skin tone of the forehead was increased in both the control and experimental groups. In the experimental group, the skin tone decreased on both the right cheek and left cheek; conversely, in the control group, there skin tone increased on both the forehead and right cheek, which indicated that the skin had darkened. Therefore, we conclude that ginseng cream decreased the tendency of skin to lose its color; in other words, it enhanced the brightening effect.Table 4Measure of skin tone in the experimental group and the control groupTable 4GroupsSkin toneForeheadRight cheek\
①Right cheek\
②Left cheek\
①Left cheek\
②Average0 weeks101.0 ± 15.8191.4 ± 28.1697.0 ± 10.65112.6 ± 25.74123.0 ± 31.36105 ± 12.72Experimental group2 weeks107.0 ± 22.5580.4 ± 28.8077.2 ± 17.27109.8 ± 24.01108.8 ± 21.4996.64 ± 16.364 weeks103.80 ± 7.7976.40 ± 20.7085.80 ± 12.07105.00 ± 47.92112.80 ± 15.99±96.76 ± 15.08Variation+2.8−15−11.2−7.6−10.2−8.24 ± 6.720 weeks95.2 ± 22.8671.2 ± 19.6465 ± 14.6199.6 ± 25.7285.8 ± 27.3183.36 ± 14.96Control group2 weeks118.6 ± 77.9861.2 ± 10.8766.4 ± 24.5286 ± 7.3186.2 ± 31.8983.68 ± 22.564 weeks107.2 ± 32.7771.8 ± 13.7970.4 ± 8.71\*93.4 ± 22.0284.6 ± 20.2685.48 ± 15.41Variation+12+0.6+5.4−6.2−1.22.12 ± 6.91

The average erythema of the skin was reduced by 33.8 in the experimental group and 3.6 in the control group ([Table 5](#tbl5){ref-type="table"}). These results strongly suggest the positive effects of red ginseng extract in improving the overall condition of skin without inducing any side effects.Table 5Measure of erythema in the experimental group and the control groupTable 5GroupsErythemaForeheadRight cheek\
①Right cheek\
②Left cheek\
①Left cheek\
②Average0 weeks286.8 ± 40.27300.6 ± 68.81273.4 ± 67.16241.8 ± 66.65235.6 ± 70.88267.64 ± 28.20Experimental group2 weeks259.2 ± 45.03238.4 ± 64.35221.6 ± 48.88229.0 ± 47.71225.6 ± 35.91234.76 ± 15.014 weeks251.40 ± 31.07249.00 ± 44.65231.80 ± 63.24225.60 ± 42.12211.40 ± 47.31233.84 ± 16.69Variation−35.4−51.6−41.6−16.2−24.2−33.8 ± 13.980 weeks244.0 ± 24.77260.6 ± 31.10248.2 ± 34.24216.4 ± 30.75215.8 ± 56.81237 ± 20.03Control group2 weeks242.8 ± 34.75246.6 ± 55.90237.2 ± 37.27197.2 ± 12.03207.8 ± 22.21226.32 ± 22.324 weeks236.4 ± 45.92265.0 ± 51.56243.4 ± 22.88211.6 ± 7.37210.6 ± 38.60233.4 ± 22.93Variation−7.6+4.4−4.8−4.8−5.2−3.6 ± 4.62

4. Discussion {#sec4}
=============

Melanocytes are the specialized melanin-producing cells found in the basal layer of the epidermis. These cells are involved in the production and transportation of melanin to the neighboring keratinocytes and the consequent formation of a uniform layer of skin pigmentation. Melanin is an essential pigment that serves two functions. The first, and most important, function is to pigment skin, and the second function is to protect the skin from harmful UV radiation by decreasing the amount of reactive oxygen species [@bib23], [@bib24]. When the skin is exposed to UV, α-MSH hormone is activated, which causes the production of melanin from melanocytes [@bib25]. The key regulators of this whole process of melanin production are MITF, a transcriptional factor for the regulation of TYR, and tyrosine-related proteins (TRP-1 and TRP-2) [@bib4], [@bib26], [@bib27], [@bib28]. These components are involved in the production of melanin and skin pigmentation.

Skin aging can be broadly classified into two types [@bib29]. Intrinsic (or endogenous) aging is an inevitable aging phenomenon that occurs with human aging. The clinical features of this type of aging are relatively mild and include fine lines, dry skin, and reduced elasticity [@bib30]. Photoaging (exogenous aging) refers to the aging phenomenon observed in skin exposed to sunlight for a long time. The element responsible for damage is UVB in sunlight. This type of photoaging can be prevented by the application of commercially available sunblock before going out into sun and minimizing the exposure time to the sun. The clinical features of exogenous aging are deleterious, such as very rough, dry skin with reduced elasticity and the formation of deep wrinkles with severe skin sagging. Photoaged skin is also very prone to pigmentation diseases, such as solar lentigo [@bib31], [@bib32].

Moreover, when the skin is overexposed to sunlight that contains UVB, the amount of extracellular MMPs increases, causing degradation of the matrix proteins, of which collagen is a major component [@bib33]. Collagen is globally accepted to be a required element for skin elasticity, and its degradation is known to cause early wrinkle formation and to reduce skin elasticity. After exposure to UVB, increases in MMPs degrade collagen and other substrate proteins [@bib34]. Thus, this is a type of wound inflicted by the sun\'s radiation on the skin, and our body makes efforts to heal wounds through the synthesis of new collagen. However, as the process of wound healing is not always perfect, continuous exposure of the skin to UVB will result in clinical symptoms of aging, including wrinkles.

Henceforth, to avoid the damage caused by UVB as a result of exposure to sunlight, many herbal and pharmaceutical remedies are available, such as sunblock creams, lotions, and sprays. In addition to these, when going out into the sun, it is advised to cover the head (e.g., a cap) and body parts with clothes. Our research has demonstrated that the oral administration and topical application of a herbal KRG-based cream effectively reduced the formation of wrinkles and decreased the dermal thickness induced by UVB exposure. Moreover, these products also decreased the production of MMPs and the subsequent degradation of collagen.

Although melanocytes release a large number of soluble components, prostaglandin E~2~, prostaglandin F~2α~, adrenocorticotropic hormone, and NO are considered regulators of melanogenesis [@bib35], [@bib36], [@bib37], [@bib38]. However, the effects of cytokines on the process of melanogenesis are rather complicated. For example, among the IL family, IL-1α/1β and granulocyte-macrophage colony-stimulating factor are involved in the stimulation of melanogenesis; however, IL-6, Transforming growth factor beta 1 (TGF-β1), and Tissue Necrosis Factor α (TNF-α) suppress melanin production. Our results showed that IL-1β was increased in the control UVB-irradiated group but was significantly decreased by KRG treatment. In conclusion, KRG and KRG cream exhibited potent antimelanogenic and skin-whitening properties and may be developed into a commercially available cosmetic agent.
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